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Basis of the report 

With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "orlainallv filed" 
ana are not annexed to this report since they do not contain amendments (Rules 70 16 and 70 17))- 



Description, Pages 

2^ as amended (together with any statement) under Art. 1 9 PCT 

"I I 3-21 as published 

Claims, Numbers 

'^'^^ as amended (together with any statement) under Art. 19 PCT 

Drawings, Sheets 

1/14-14/14 as published 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

° o ®i '^ri o^9®J2! V^raj^slation furnished for the purposes of international preliminary examination (under 
nuie oz>,d andA>r 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international apblication the 
international preliminary examination was earned out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ fumished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently fumished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. t^eyona ine oisciosure 

□ The statement that the information recorded in computer readable forni is identical to the written sequence 
listing has been fumished. ^ 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as If (some of) the amendments had not been made since thpv havo 

been considered to go beyond the disclosure as filed (Rule 70.2(c)) ^ 

i^portT'^''^'"^"^ ^^^^^ confa//7/>7ff such amendments must be referred to under item 1 and 

6. Additional observations, If necessary: 
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Reference is made to the following document: 

D1 : PATENT ABSTRACTS OF JAPAN vol. 1 999. no. 09, 30 July 1 999 (1999-07-30) & 
JP 1 1 122960 A (CALSONIC CORP;NISSAN MOTOR CO LTD). 30 April 1999 
(1999-04-30) 

The document D1 is regarded as being the closest prior art to the subject-matter of 
claim 1, and shows (cf. paragraphs [0015-0063], figs. 1 and 3): 

An exhaust heat power generation apparatus comprising: j ■ 

a thermoelectric converting unit (33a) that converts themnal energy of exhaust gas into 

electric energy; 

a heat exchange unit (19) provided on a buffer ou one surface of the thermoelectric 
converting unit (33a) to conduct the thermal energy of the exhaust gas that flows 
through an exhaust pipe; and a cooling unit (13a) provided on the other surface of the 
themioelectric converting unit (33a) to cool the thermoelectric converting unit (33a). 

The subject-matter of claim 1 differs from this known apparatus.in that the cooling unit 
has a rigidity higher than the rigidity of the thermoelectric converting unit and higher ' 
than the rigidity of the heat exchange unit. ... 

Although it is disclosed in document D1 that the cooling unit and the heat exchange unit 
are made of steel and that the thermoelectric converting unit is a semiconductor 
(implicit a ceramic material), this information is not sufficient to drawn a conclusion 
about the rigidity relation of these elements, as it is claim in the application. ; 

The subject-matter of claim 1 is therefore new (Article 33(2) PCT). 

The problem to be solved by the present invention may be regarded as to provide an 
exhaust heat generating apparatus that overcomes the problem of insufficient contact 
with the themioelectric element due to temperature oscillations.This problem is solved 
by the above mentioned features. 

The solution to this problem proposed in claim 1 of the present application is therefore 
considered as involving an inventive step (Article 33(3) PCT. 
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Claims 2 to 10 are dependent on claim 1 and- as such also meet the requirements of 
the PCT with respect to novelty and inventive step. 
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converting module and the exhaust pipe/cooling unit is interfered by the. thermal 
expansion, the heat conduction therebetween is deteriorated, decreasing the 
thermoelectric conversion efficiency. Especially an outer pipe of a generally 
employed exhaust heat power generation apparatus, to which the exhaust pipe and the 
5 cooling units are attached, is formed of a single member. The above-formed outer 
pipe is hardly allowed to absorb the aforementioned distortion. As a result, the 
distortion extends over the apparatus. If the cooling unit is formed of a water cooling 
system with high rigidity, it may further be difficult to absorb the distortion owing to 
low spring constant. 

1 0 Conventionally the outer pipe of the exhaust heat power generation apparatus, 

to which the exhaust pipe and the cooling imit are attached, is formed of the material 
exhibiting low thermal expansion ratio such as a stainless steel so as to reduce the 
thermal distortion. The stainless steel exhibits low thermal conductivity, and . 
therefore, high heat resistance. As a result, the thermal energy is lost during passage 

1 5 through the members at the high temperature and the low temperature sides before it 
is transferred to the thermoelectric converting module. This may deteriorate the 
thermoelectric conversion efficiency. 

JP-A-11-1 22960 discloses an exhaust heat generating device interposing 
buffer elements between the thermoelectric element and the cooling unit in order to 

20 absorb mechanical oscillation of the supporting members due to temperature changes. 
However, by interposing additional material between the thermoelectric element and 
the cooling unit the thermoelectric conversion is deteriorated. 

SUMMARY OF THE INVENTION 

25 It is an object of the invention to provide an exhaust heat generation apparatus 

with excellent thermoelectric conversion efficiency. 

An exhaust heat power generation apparatus includes a thermoelectric 
converting unit that converts thermal energy of exhaust gas into electric energy, a heat 
exchange unit provided on one surface of the thermoelectric converting unit to 

30 conduct the thermal energy of the exhaust gas that flows through an exhaust pipe, and 
a cooling unit provided on the other surface of the thermoelectric converting unit to 
cool the thermoelectric converting unit. The cooling unit has a rigidity set to a highest 
value among those of the theraioelectric converting unit, the heat exchange unit and 
the cooling unit. 
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The exhaust heat power generation apparatus includes a system in which the 
thermoelectric converting imit is interposed between the heat exchange unit that 
conducts the thermal energy of the exhaust gas flowing through the exhaust pipe and 
the cooling unit such that the thermal energy is transferred. In the aforementioned 
5 system, the cooling unit has the highest rigidity. This makes it possible to allow the 
cooling unit to apply appropriate surface pressure to the thermoelectric converting 
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CLAIMS: 

I . An exhaust heat power generation apparatus comprising: 

a thermoelectric converting unit that converts thermal energy of 
exhaust gas into electric energy; 
5 a heat exchange unit provided on one surface of the thermoelectric 

converting unit to conduct the thermal energy of the exhaust gas that flows through an 
exhaust pipe; and 

a cooling unit provided on the other surface of the thermoelectric - 
converting unit to cool the thermoelectric converting unit, wherein the cooling unit 
10 has a rigidity set to a highest value among those of the thermoelectric converting unit, 
, the heat exchange unit and the cooling unit. 

2. The exhaust heat power generation apparatus according to claim 1 , 
wherein: 

. the heat exchange unit includes a heat exchange fin for conducting the 

1 5 . thermal energy of the exhaust gas and a base having one surface on which the heat 

exchange unit is placed, and the other surface on which the thermoelectric converting 
. unit is placed; 

» the exhaust pipe includes a main body that forms a frame of an exhaust 

passage to which the base is attached, and the heat exchange fin provided therein; 
2^ ^he exhaust passage is constmcted by the exhaust pipe and the heat 

exchange unit; and 

the base has a rigidity set to a highest value m a stmcture of the 
exhaust passage. 

3. The exhaust heat power generation apparatus according to claim 2, 
25 wherein the main body of the exhaust pipe is formed of a material exhibiting ^ 

thermal expansion ratio lower than that of the heat exchange unit. 

4. The exhaust heat power generation apparatus according to claim 3, , 
wherein the main body of the exhaust pipe is formed of a stainless steel. 

5. The exhaust heat power generation apparatus according to claim 2 or 3, 
30 wherein: 

the main body of the exhaust pipe is provided in a center of the exhaust 
heat power generation apparatus, the thermoelectric converting unit is provided on an 
outer periphery of the heat exchange unit attached to the main body of the exhaust 
pipe, and the cooling unit is provided on an outer periphery of the thermoelectric 



^ ' AMENDED SHEET I 



23-11-2004 



\ ^ ' 23 • TFN030205-PCT 

converting unit; 

an elastic member is provided on an outer side of the cooling unit; and 
an elastic system for fixing the thermoelectric converting unit is 
formed, in which a pressure is applied to the cooling unit externally: by the elastic .. 
5 member. 

6. The exhaust heat power generation apparatus according to claim 5, .■ 
wherein: 

the thermoelectric converting unit includes a module formed of a 
plurality of thermoelectric elements; and 

a unit of the elastic system is structured based on the module. 

7. The exhaust heat power generation apparatus according to claim 5 or 6, 
wherein the elastic member includes a spring and a compression member which are. ' 
one of in point contact and line contact with each other. 

8. The exhaust heat power generation apparatus according to claim 2, 
wherein the heat exchange fin in the exhaust pipe has different pitches among,fms 
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thereof. 

9. The exhaust heat power generation apparatus according to claim 8, 
wherein the heat exchange fin is formed of a material partially exhibiting different : 
heat conductivities. 

^® ^xhB.ust heat power generation apparatus according to clairh 2 or 7. 

wherein each of the heat exchange unit and the main body of the exhaust pipehas a 
configuration such that a direction in which the base of the heat exchange unit 
deforms becomes opposite to a direction in which a contacting surface of the main 
body of the exhaust pipe deforms, the contactmg surface contacting .the base of the , 

25 heat exchange unit. 
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